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The present invention relates to plasmids containing 

DNA-sequences which contain information that, after 

insertion into a plant genome, cause changes in the 

carbohydrate concentration and the carbohydrate 

10 composition in regenerated plants, as well as plant cells 

and plants containing sequences from these plasmids. 

Because of the continual growth in word population, there 
is a continually growing demand for nutrient and raw 
15 materials. It is the task of biotechnological research to 
achieve a change of the content as well as yield of crops. 
To do this the metabolism of the plants has to be altered. 

A particular interest is the possibility of using plant 
20 ingredients as renewable raw material sources e.g. for the 
chemical industry. This is especially of great importance 
for two reasons. Firstly, up to now, mineral oil and coal 
deposits have been the main source of raw materials for 
the petrochemical industry but these deposits are finite 
25 and it can be seen that alternative, renewable raw 
material sources must be developed. 

Secondly, the present situation of agriculture in Europe 
and North America has lead to a surplus of crops grown for 
30 their nutritive properties. This causes obvious financial 
and political problems in agriculture. Alternative 
products for which there is a higher quantitative demand 
could be a solution to this problem. 

Renewable raw materials can be divided into fats and oils, 
35 proteins and carbohydrates, such as mono-, di-, oligo- and 
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polysaccharides. The most important polysaccharides are 
starch and cellulose. In the EEC, the total starch 
production in 1987-1988 comprised maize (60%) , wheat (19%) 
and potato (21%) • 

For an increasing use of plant starch as an industrial raw 
material the quality of the starch must meet the demands 
of the processing industry. Important considerations 
include the amylose to amylopectin ratio, the chain 
length, the branching grade of the amylopectin as well as 
the size of the starch granules. 

The main biochemical synthetic pathways for the production 
of starch in higher plants are well known. Starch consists 

15 of amylose and amylopectin, in which the amylose consists 
of a linear a- 1,4 -glue an and amylopectin consists of 
«-l,4-glucans, which are connected to each other via* 1,6- 
linkages and thus form a branched polyglucan. The so- 
called branching enzyme (Q-enzyme) is responsible for the 

20 introduction of the a-l, 6-linkage. One method for the 

production of starch which only has a linear a-l,4-glucan 
structure is therefore by the inhibition of the enzymatic 
activity of the proteins and/or the inhibition of the 
biosynthesis of the branching enzyme. New biotechnology 

25 processes for the genetic alteration of dicotyledonous and 
monocotyledonous plants by transfer and stable 
installation of single isolated genes or groups of genes 
are known (Gasser and Fraley, Science 244, 1293-1299) . The 
possibility of specific expression of foreign genes 

30 inserted in the plant by gene technology, primarily m 

potato tubers, is also known (EP 375092 and Rocha-Sosa et 
al., EMBO J. 8, 23-29 (1989)). 

The present invention provides plasmids containing 
35 DNA-sequences which contain information that, after 
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insertion into a plant genome, cause changes in the 
carbohydrate concentration and the carbohydrate 
composition in regenerated plants. 

The invention further provides plant cells containing 
sequences from these plasmids vhich can be regenerated to 
whole plants, as well as plants containing sequences from 
these plasmids. 

The term "plant" means a commercially useful plant, 
preferably maiae, barley, wheat, rice, peas, soya beans, 
sugar cane, sugar beet, tomato, potato or tobacco. 



Carbohydrates which can be altered by the DNA sequences 
15 are mono-, di-, oligo- or polysaccharides. Starch is an 
example of a polysaccharide which can be modified in 
plants and plant cells. 

With the plasmids of the invention, it is possible to 
20 modify the amylose to amylopectin ratio of the starch in 
plant cells and in plants. This is possible through the 
presence of a branching enzyme, located on the plasmid, 
which has the following sequence: 

10 20 30 40 50 60 

1 TCA66AGC66TCTT6G6ATATTTCTTCCACCCCAAAATCAAGAGTTAGAAAAGATGAAAG 
61 6ATSAAGCACA6TTCA6CTATTTCC6CT6TTTT6ACCGAT6ACAATTC6ACAAT6GCACC 
121 CCTA6A66AASAT6TCAACACT6AAAATATTGGCCTCCTAAATTTG6ATCCAACTTTG6A 
1 S 1 ACCTTATCTA6ATCACTTCA6ACACA6AATGAAGA6ATATGTGGATCAGAAAATGCTCAT 
2* 1 T6AAAAATATGA6GSACCCCTTGA6GAATTTGCTCAAGGTTATTTAAAATTTGGATTCAA 
301 CA6GGAAGAT6GTT6CATAGTCTATCGT6AATSGGCTCCTGCTGCTCA6GAASCAGAAGT 
361 TATTGGC6ATTTCAAT6GTA66AAC6GTTCTAACCACATGATGGAGAAGGACCAGTTTGG 
«21 T6TTT66A6TATTAGAATTCCT6AT6TT6ACAGTAAGCCAGTCATTCCACACAACTCCAG 

« 8 1 A6TTAAGTTTCGTTTCAAACAT66TAAT6G A6TGTGGGTA6 ATCGTATCCCTGCTTGG AT 

5*1 AAA6TAT6CCACT6CAGAC6CCACAAAGTTTGCAGCACCATATGATGGT6TCTACT6GGA 

601 CCCACCACCTTCAGAAAG6TACCACTTCAAATACCCTCGCCCTCCCAAACCCCGAGCCCC 

661 AC6AATCTACGAA6CACAT6TC66CAT6AGCA6CTCTGAGCCACGT6TAAATTCGTATCG 

721 T6A6TTT6CA6AT6AT6TTTTACCTCGGATTAA66CAAATAACTATAATACTGTCCAGTT 
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,m 61T6GCCATAAT6SAACATTCTTACTA7GSATCATTTS6ATATCAT6TTACAAACTTTTT 

«1 T6CT6T6ASCAATA6ATAT6GAAACCCSSA66ACCTAAA6TATCTSATAGATAAA6CACA 

301 TA6CTT6GGTTTACAGGTTCT66TGGATGTAGTTCACA6TCATGCAAGCAATAATGTCAC 

961 T6ATGGCCTCAATG6CTTTGATATT66CCAA66TTCTCAAGAATCCTACTTTCAT6CT66 

,021 AGAGCGA6G6TACCATAA6TT6TGGGATA6CA6GCtGTTCAACTATGCCAATTSG6AGGT 

1081 TCTTCGTTTCCTTCTTTCCAACTTGAGGTGGT6GCTAGAAGA6TATAACTTTGAC66ATT 

„*, TCGATTTGATGGAATAACTTCTATGCTGTAT6TTCATCAT66AATCAATATG6SATTTAC 

1201 A6GAAACTATAAT6A6TATTTCAGCGAGGCTACAGATGTT6ATGCTGTG6TCTATTTAAT 

,261 6TTG6CCAATAATCT6ATTCACAAGATTTTCCCAGACGCAACTGTTATT6CC6AAGAT6T 

,32, TTCTG6TATGCCGG6CCTTAGCC66CCTGTTTCT6A666A6GAATTG6TTTTGATTACC6 

,381 CCTG6CAAT6GCAATCCCAGATAAGTG6ATA6ATTATTTAAAGAATAAGAATGAT6AAGA 

,„ , TTGGTCCATGAA66AA6TAACATCGA67TT6ACAAATAG6AGATATACAGA6AA6TGTAT 

,501 A6CATAT6C66A6AGCCAT6ATCAGTCTATTGTCGGTGACAA6ACCATTGCATTTCTCCT 

, 56 1 AAT6AACAAA6A6AT6TATTCT6GCAT6TCTT6CTTGACAGATGCTTCTCCTGTT6TTGA 

1G21 T6CA6GAATT6C6CTTGACAAGAT6ATCCATTTTTTTCACAATGGCCTT66GAGGAGA6G 

1681 66TACCTCAATTTCAT666TAACGAGTTTGGCCATCCTGAGT6GATT6ACTTCCCTAGTG 

,7* , A66GCAATAATT6GAGTTAT6ACAAAT6TAGACGCCAGT6GAACCTCGCAGATAGC6AAC 

, 80 , ACTTGA6ATACAAGTTTAT6AATGCATTT6ATAGA6CTAT6A ATTCGCTCG AT6 AAAAGT 

,861 TCTCATTCCTC6CATCA66AAAACA6ATA6TAAGCA6CAT66ATGATGATAATAA66TTG 

,92 , TT6TGTTT6AAC6TG6TGACCTGGTATTT6TATTCAACTTCCACCCAAATAACACATACG 

,98, AA6GGTATAAAGTT66ATGTGACTTGCCAGGGAA6TACA6AGTT6CACT66ACAGT6AT6 

20*1 CTT66GAATTTGGT66CCAT66AAGA6CTG6TCATGATGTTGACCATTTCACATCACCAG 

2,01 AAGGAATACCT6GA6TTCCA6AAACAAATTTCAATGGTCGTCCAAATTCCTTCAAAGTGC 

2,61 T6TCTCCT6CGC6AACAT6T6T6GCTTATTACAGA6TTGATGAACGCATGTCATAAACTG 

222 1 AAGATTACCA6ACA6ACATTT6TAGTGA6CTACTACCAACAGCCAATATCGA6GAAAGTG 

228 1 ACGA6AAACTTAAA6ATTCATCATCTACAAATATCA6TACATCATCTACAAAAAATGCTT 

23* 1 ATTACAGA6TTGATGAAC6CATGTCA6AA6CTGAA6ATTACCAGACAGACATTTGTAGTG 

2401 A6CTACTACTACCAACA6CCAATATC6A6GA6AGT6AC6A6AAACTT6ATGATTCATTAT 

2461 CTACAAATATCA6TAACATTG6TCAGACT6TTGTA6TTTCTGTT6AGGA6AGAGACAAGG 

2521 AACTTAAA6ATTCACCATCT6TAA6CATCATTA6TGAT6CTGTTCCAGCTGAATGGGCTG 

2581 ATTC66ATGCAAAC6TCT66G6T6A6GACTA6TCAGAT6ATT6ATCGATCCTTCTACGTT 

26*1 6GT6ATCTCGGTCC6T6CAT6ATGTCTTCAGGGTGGTAGCATTGACTGATTGCATCATA6 

270 1 TTTTTTTTTTTTTTTTTAAGTATTTCCTCTATGCATATTATTAGCATCCAATAAATTTAC 

2T61 TG6TT6TTGTACATA6AAAAA6T6CATTTGCATGTATGTGTTTCTCTGAAATTTTCCCCA 

2821 6TTTT66TGCTTTGCCTTTGGAGCCAA6TCTCTATATGTAATAAGAAAACTAAGAACAAT 

2681 CACATATATAAAAT6TTA6TAGATTACCA . 
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The property of the branching enzyme to modify the 
amy lose/ amy lopectin ratio in starch is not limited to a 
coding sequence exactly as it is shown here but can also 
be represented by slightly different nucleotid sequences. 
The property of the branching enzyme is also not changed 
when the plasmids containing the branching enzyme, are 
modified in the plant cell or the plant. 

To be active, the DNA sequence of the branching enzyme is 
fused to the regulatory sequences of other genes which 
guarantee a transcription of the DNA (coding) sequence of 
the branching enzyme. The DNA sequence, can also be fused 
in an inverted direction to the regulatory sequences of 
other genes, whereby the 3 '-end of the coding sequence is 
fused to the 3 '-end of the promoter and the 5 '-end of the 
coding sequence is fused to the 5 '-end of the termination 
signal. In this way an anti-sense RNA of the branching 
enzyme is produced in the plant. The regulatory sequences 
are hereby promoters and termination signals of plant or 
viral genes, such as for example the promoter of the 35S 
RNA of the cauliflower mosaic virus or the promoter of the 
class I patatin-gene B 33 and the termination signal of 
the 3 '-end of the octopine synthase gene of the T-DNA of 
the Ti-plasmid pTiACH5. 

Plant cells containing sequences from these plasmids can 
be regenerated in known manner to complete transgenic 
plants. It is possible to insert simultaneously, more than 
one copy of these sequences into a plant cell or plant. 
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The following plasmids were deposited at the Deutsche 
Sammlung von Mikroorganismen (DSM) in Braunschweig, 
Germany on the 20th August 1990 (deposit number) : 

5 Plasmid P35 S-BE (DSM 6143) 

Plasmid P35 S-anti-BE (DSM 6144) 

Plasmid P33-BE (DSM 6145) 

Plasmid P33-anti-BE (DSM 6146) 

10 iv» R ™-iptip " Figures 

Figure 1 shows the restriction map of the 13.6 kb plasmid 
P35 S-BE. The plasmid contains the following fragments. 

A = Fragment A (529 bp) contains the 35S promoter of 
the cauliflower mosaic virus (CaMV) . The 
fragment contains the nucleotides 6909-7437 of 
the cauliflower mosaic virus. 

B = Fragment B (2909 bp) contains the DNA fragment 
which codes for the branching enzyme. 

C = Fragment C (192 bp) contains the polyadenylation 
signal of the gene 3 of the T-DNA of the 
Ti-plasmid pTiACH5 from the nucleotide 11749 to 
11939. 

Also shown are the cleavage sites described in Example 1. 

Figure 2 shows the restriction map of the 13.6 kb plasmid 
P35 s-anti-BE. The plasmid contains the following 
fragments : 

A = Fragment A (529 bp) contains the 35S promoter of 
the cauliflower mosaic virus (CaMV) . The 
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fragment contains the nucleotides 6909 to 7437 
of the CaMV. 

Fragment B (2909 bp) contains the DNA fragment 
which codes for the branching enzyme. 



c - Fragment C (192 bp) contains the polyadenylation 
signal of gene 3 of the T-DNA of the Ti-plasmid 
pTiACH5. The fragment contains the nucleotides 
10 11749-11939. 

Also shown are the cleavage sites described in Example 2. 

Figure 3 shows the restriction map of the 14.6 kb plasmid 
P33-BE. The plasmid contains the following fragments. 



15 



20 



L = Fragment A (1526 bp) contains the Dral-Dral- 

fragment of the promoter region of the patatin- 
gene B33. The fragment contains the nucleotide 
positions -1512 to +14. 

3 B Fragment B (2909 bp) contains the DNA fragment 
which codes for the branching enzyme. 

C = Fragment C (192 bp) contains the polyadenylation 
signal of the gene 3 of the T-DNA of the 
Ti-plasmid pTiACH5. The fragment contains the 
nucleotide positions 11749-11939. 

30 Also shown are the cleavage sites described in Example 3. 

Figure 4 shows the restriction map of the 14.6 plasmid 
P33-anti-BE. Plasmid contains the following fragments: 



25 



35 A 



Fragment A (1526 bp) contains the Dral-DraX 
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fragment of the promoter region of the patatin 
gene B 33. The fragment contains the nucleotide 
position -1512 to +14. 

Fragment B (2909 bp) contains the cDNA-fragment 
which codes for the branching enzyme. 

Fragment C (192 bp) contains the polyadenylation 
signal of the gene 3 of the T-DNA of the 
Ti-plasmid pTiACH5. The fragment contains the 
nucleotides 11749-11939. 

Also shown are the cleavage sites described in Example 4. 

15 in order to understand the examples forming the basis of 

this invention all the processes necessary for these tests 
and which are known per se will first of all be listed: 



10 



1. rl (-miner process 

20 The vectors pUC18/19 and pUC118, and the M13mpl0 

series (Yanisch-Perron et aA. , Gene (1985), 33, 103- 
119) were used for cloning. 

For plant transformation, the gene constructions were 
25 cloned into the binary vector BIN19 (Bevan, Nucl. 

Acids Res. (1984), 12, 8711-8720). 

2. paeteria T strains 

The £. coli strain BMH71-18 (Messing et al. , Proc. 
30 Natl. Acad. Sci. USA (1977), 24, 6342-6346) or TBI 

was used for the pUC and M13 mP vectors. 

For the vector BIN19 exclusively the Ej_ coli strain 
TBI was used. TBI is a recombinant-negative, 
35 tetracycline-resistant derivative of strain JM101 
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(Yanisch-Perron et ai., Gene (1985), 33 , 103-119). 
The genotype of the TBI strain is (Bart Barrel, 
personal communication): F 1 (traD36, proAB, lacl, 
lacZAMlS), A (lac, pro), SupE, this, recA, 
5 Sri: :TnlO(TcR) . 

The transformation of the plasmids into the potato 
plants was carried out by means of the ftgrobacterium 
tunefaciens strain LBA4404 (Bevan, M. , Nucl. Acids 
.0 Res. 12, 8711-8721, (1984); BTN19 derivative). 

3. yransfonr ifltHon of Agrobacterium tumefacjens 

In the case of BIN19 derivatives, the insertion of 
the DNA into the agrobacteria was effected by direct 

L5 transformation in accordance with the method 

developed by Holsters e£ al. , (Mol. Gen. Genet. 
(1978), 163, 181-187). The plasmid DNA of transformed 
agrobacteria was isolated in accordance with the 
method developed by Birnboim and Doly (Nucl. Acids 

20 Res. (1979), 7, 1513-1523) and was separated by gel 

electrophoresis after suitable restriction cleavage. 



4. Plant transformation 

10 small leaves, wounded with a scalpel, of a sterile 
potato culture were placed in 10 ml of MS medium with 
2 % sucrose containing from 30 to 50 Ml of an 
Aorobacterium tumefaciens overnight culture grown 
under selection. After from 3 to 5 minutes gentle 
shaking, the Petri dishes were incubated in the dark 
at 25 °C. After 2 days, the leaves were laid out on MS 
medium with i.6 % glucose, 2 mg/1 of zeatin ribose, 
0.02 mg/1 of naphthylacetic acid, 0.02 mg/1 of 
gibberellic acid, 500 mg/1 of claforan, 50 mg/1 of 
kanamycin and 0.8 % Bacto agar. After incubation for 
one week at 25°C and 3000 lux, the claforan 
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concentration in the medium was reduced by half. 
The regeneration and cultivation of the plants were 
carried out according to known processes (Rocha-Sosa 
et al EMBO Journal 8_, 23-29 (1989) . 

?r ^ y ^s of gp^n^ir. DNA from transgenic potato plants . 
The isolation of genomic plant DNA was effected in 
accordance with Rogers and Bendich (Plant Mol. Biol. 
(1985) , 5, 69-76. 

For the DNA analysis, after suitable restriction 
cleavage, 10 to 20 fig of DNA were analysed by means 
of Southern blots for the integration of the DNA 
sequences to be investigated. 

^ly^c: of thP total RNA from transgenic potato 
Plants 

The isolation of plant total RNA was carrxed out xn 
accordance with Logemann et al. (Analytical Biochem. 
(1987), 163, 16-20). 

For the analysis, 50 ftg portions of total RNA were 
investigated by means of Northern blots for the 
presence of the transcripts sought. 

7. p ^pfcein pvtraetion 

For the extraction of total protein from plant 
tissue, pieces of tissue were homogenised in protein 
extraction buffer (25 mM sodium phosphate pH 7.0, 
2 mM sodium hydrogen sulphite) , with the addition of 
0.1 % (w/v) of insoluble polyvinylpyrrolidone (PVP) . 

After filtration through cellulose, cell detritus was 
centrifuged off for 20 minutes at 10,000 revolutions 
per minute and the protein concentration of the 
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supernatant was determined in accordance with the 
method developed by Bradford (Anal. Biochem. (1976)/ 
22, 248-254) . 

5 a. egfcSgfelSB ot forei gn proteins bv means of 
^unoloc f^al processes (Western blot) 
The protein extracts were separated according to 
molecular weight by means of gel electrophoresis in 
SDS-PAGE (sodium dodecylsulphate polyacrylamide) 

10 gels. After SDS-PAGE the protein gels were 

equilibrated for from 15 to 30 minutes in transfer 
buffer for graphite electrodes (48 g/1 of tris, 39 
g/1 of glycine, 0.0375 % SDS, 20 % methanol) and then 
transferred in a cooling chamber to a nitrocellulose 

15 filter and separated at 1.3 mA/cm 2 for from 1 to 2 

hours. The filter was saturated for 30 minutes with 3 
% gelatin in TBS buffer (20 mM tris/HCl pH 7.5 r 500 
mM NaCl) , and the filter was then incubated for 2 
hours with the appropriate antiserum in a suitable 

20 dilution (1:1000 10000 in TBS buffer) at room 

temperature. The filter was then washed for 
15 minutes each with TBS, TTBS (TBS buffer with 0.1% 
polyoxyethylene-(20)-sorbitan monolaurate) and TBS 
buffer. After being washed, the filter was incubated 

25 for 1 hour at room temperature with alkaline 

phosphatase-conjugated goat-anti-rabbit (GAR) 
antibodies (1:7500 in TBS) . The filter was then 
washed as described above and equilibrated in AP 
buffer (100 mM tris/HCl pH 9.5, 100 mM NaCl, 5 mM 

30 MgCl 2 ) • The alkaline phosphatase reaction was started 

by means of the substrate addition of 70 /il of 
4-nitrotetrazolium (NBT) solution (50 mg/ml of NBT in 
70 % dimethyl-formamide) and 35 /il of 5-bromo- 
4-chloro-3-indolyl phosphate (BCIP) (50 mg/ml BCIP in 

35 dimethylformamide) in 50 ml of AP buffer. As a rule 
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the first signals were observed after 5 minutes. 

9 . BsfeanaiBafeiaB S£ the «" yTose/amvlopectin ratio in 
gt!arch n-F transa^ ie potato plants. 

Leaf pieces, having a diameter of 10 mm were floated 
in 6% sucrose solution under continuous light for 14 
hours. This light incubation induced a strong 
increased starch formation in the leaf pieces. After 
incubation, the amylose and amylopectin concentration 
was determined according to Hovenkamp-Hermelink et al 
(Potato Research 31, 241-246 (1988) . 

The following examples illustrate the preparation of the 
plasmids according to the invention, the insertion of 
15 sequences from those plasmids into the plant cell as well 
regeneration of transgenic plants and the analysis of 
those transgenic plants. 

■Pv-a-mple 1 

20 preparation plasm id P35s-gft and insertion of *he 

p-^eiT rfd into Plan* rrenome of the potato. 

From a cDNA library in the expression vector/igtll, 
different clones were identified that cross-react with an 

25 antibody that is directed against the branching enzyme of 
potatoes. These clones were used to identify complete 
clones from a cDNA library in the Hindll-position the 
vector pUC 19 that originate from isolated mRNA of growing 
potato tubers. One clone isolated in this manner had an 

30 insert size of 2909 bp of the sequence: 
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10 20 30 *0 50 60 

, TCA66A6C6GTCTTGGGATATTTCTTCCACCCCAAAATCAA6AGTTAGAAAA6AT6AAAG 

61 6AT6AA6CACA6TTCAGCTATTTCCGCTG7TTTGACC6AT6ACAATTC6ACAAT6GCACC 

12t CC7A6AGGAA6A767CAACAC76AAAA7A77G6CC7CC7AAA7776GA7CCAAC77766A 

18 , ACC 7TA7C7A6A7CACTTCAGACACAGAATGAAGAGATATG7GGATCAGAAAATGCTCAT 

2 ; t T6AAAAATATGA666ACCCCTTGA6GAAT7T6CTCAAG6TTATTTAAAATTTG6ATTCAA 

301 CAG66AAGATGGTT6CATA6TCTATC6T6AAT6G6CTCCT6CT6CTCA6GAAGCAGAAGT 

36, TA TT66C6A777CAA7GGTAGGAACGGTTC7AACCACATGATGGAGAAGGACCAGTTTGG 

121 TGTTTG6AGTATTAGAATTCCTGATGTT6ACAGTAA6CCAGTCATTCCACACAACTCCAG 

, . , 1C ttaa6TTTC6777CAAACA76G7AA766A67G76667A6A7C67ATCCC76C77G6A7 

'■*< a a7gTATGC^ 

601 CCCACCACC77CAGAAAGG7ACCAC77CAAA7ACCC7CGCCC7CCCAAACCCCGAGCCCC 

661 AC6AA7C7AC6AASCACA767C6GCA76AGCA6C7C76AGCCACG7GTAAA77CG7A7CG 

721 TGAG777GCAGA7GA7GT777ACC7CGGA77AAGGCAAATAAC7A7AATACTGTCCAGT7 

7S1 6A76GCCA7AA7GGAACA77C77AC7A7G6A7CA777G6A7A7CA7677ACAAAC7777T 
TGC7G7GAGCAA7AGA7A7GGAAACCCGGAGGACC7AAAGTA7C7GATAGA7AAAGCACA 

301 TAGC77GGG777ACAGGTTC7GG76GA7G7AG77CACAGTCATGCAAGCAATAATGTCAC 

361 76AT6GCCTCAA766C777GA7A7766CCAAGG77C7CAAGAA7CC7AC777CAT6CT6G 

10Z 1 AGA6C6AG6G7ACCA7AA677G766GA7A6CA66C7677CAAC7A7GCCAA77666AGG7 

10 61 TC77C6777CC77CTTTCCAAC77GAGG7GG7GGCTA6AAGAGTATAACTTTGACGGAT7 

„41 TCGA777GA7GGAA7AAC77C7A7GC7G7A7G77CA7CA7G6AA7CAA7A7GGGA7TTAC 

U01 AG6AAAC7A7AA7GAG7A777CA6C6A6GC7ACA6A76T7GA7GC767GG7C7A7T7AAT 

1261 GTTGGCCAA7AA7C7GAT7CACAAGAT7T7CCCAGACGCAACTGTTA7TGCCGAAGATGT 

1321 TTCTGG7A7GCC6GGCC77AGCCG6CC76777C7GAGGGA66AA77GG7777GA77ACCG 

taa, CCTGGCAATGGCAA7CCCAGA7AAGTGGA7AGA77A777AAAGAATAAGAATGA7GAAGA 

U41 T7GGTCCA7GAA6GAAG7AACA7CGAG777GACAAATA66AGA7A7ACAGAGAAGT6TAT 

1501 AGCA7A7GCGGA6A6CCA76A7CA67C7A77G7CGG7GACAAGACCA77GCA777C7CC7 
AA76AACAAAGAGA7GTA77C766CA767C77GC77GACAGA76C77C7CC7GT7G776A 

1621 TGCAG6AA776C6C776ACAA6A7GA7CCA7777777CACAA7GGCC776G6A6GA6AGG 

1681 66TACC7CAA777CA7G6GTAACGA6777G6CCA7CC76AG7G6A7TGACTTCCCTA676 

17 «1 AS6SC AA7AA776GAG77A7GACAAA767A6AC6CCAGT66AACC7CGCAGA7AGC6AAC 

1801 AC77GAGA7ACAAG777AT6AATGCA777GA7A6A6CTA7GAAT7CGC7CGATGAAAAGT 

1861 TCTCA77CC7C6CA7CA66AAAACA6A7AG7AAGCAGCA766A7GA76A7AA7AA6GT7G 

1321 T767G7776AAC6TGG76ACCTGG7A77767A77CAAC77CCACCCAAATAACACATAC6 
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AAGGGTATAAA6TT66AT6TGACTTGCCAGGGAA6TACAGA6TTGCACT66ACAGT6ATG 

CTT6G6AATTTG6T6GCCATG6AAGAGCTGGTCATGATGTT6ACCATTTCACATCACCAG 

AA66AATACCTG6AGTTCCAGAAACAAATTTCAAT6GTCGTCCAAATTCCTTCAAAGTGC 

TSTCTCCTGCGCGAACATGTGTGGCTTATTACAGAGTTGATGAACGCATGTCATAAACTG 

AA6ATTACCA6ACAGACATTTGTAGTGA6CTACTACCAACAGCCAATATCGA66AAAGTG 

ACGAGAAACTTAAAGATTCATCATCTACAAATATCAGTACATCATCTACAAAAAATGCTT 

ATTACAGA6TTGAT6AAC6CATGTCAGAAGCTGAAGATTACCAGACAGACATTTGTAGTG 

AGCTACTACTACCAACAGCCAATATC6AGGA6A6TGACGA6AAACTTGATGATTCATTAT 

CTACAAATATCAGTAACATTG6TCAGACT6TT6TA6TTTCT6TTGA6GA6A6A6ACAAGG 

AACTTAAAGATTCACCATCTGTAAGCATCATTAGTGATGCT6TTCCAGCTGAAT6G6CT6 

ATTCG6ATGCAAACGTCT6GGGTGAGGACTAGTCAGATGATT6ATCGATCCTTCTACGTT 

66TGATCTC6GTCCGTGCATGATGTCTTCAGGGT6GTAGCATT6ACTGATTGCATCATAG 

TTTTTTTTTTTTTTTTTAAG TATTTCCTCTATGCATATTATTAGCATCCAATAAATTTAC 

T6GTTGTTGTACATAGAAAAA6TGCATTTGCATGTATGTGTTTCTCTGAAATTTTCCCCA 

6TTTTGGTGCTTT6CCTTT6GAGCCAAGTCTCTATAT6TAATAAGAAAACTAAGAACAAT 

CACATATATAAAAT6TTAGTA6ATTACCA . 
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The 2909 bp long c-DNA contained in this clone was used 
for the next examples and is called cBE. 

5 For the preparation of a plasmid p35s-BE, this cDNA was 
provided with the promoter of the 35s-RNA of the 
cauliflower mosaic virus as well as the polyadenylation 
signal of the octopine synthase gene of the Ti-plasmid 
pTiACHS. For this the orientation of the C-DNA coding for 
10 the branching enzyme was chosen in such a way that the 
coding strain will be readable (sense-orientation) . The 
plasmid p35s-BE has a size of 13.6 kb and comprises the 
three fragments A r B and c which were cloned into the 
cleavage sites of the polylinker of BIN19 . 

15 

Fragment A (529 bp) contains the 35s promoter of the 
cauliflower mosaic virus (CaMV) . The fragment contains the 
nucleotides 6909 to 7437 of the CaMV (Franck et al., Cell 
21, 285-294). It was isolated as EcoRI-Kpnl -fragment from 
20 the plasmid pDH51 (Pietrzak et al, Nucleic Acids Research 
14, 5857-5868) and was cloned between the EcoRI-Kpnl- 
cleavage position of the polylinker of the plasmid BIN 19- 

Fragment B contains a 2909 bp cDNA fragment cBe which 
25 codes for the branching enzyme. It was cut out as Hindi II- 
Smal-fragment of the vector pUC 19 and was cloned into the 
Smal-position of the polylinker of BIN 19 after filling- in 
of the Hind-III-position with DNA polymerase. For this the 
orientation of the cDNA was chosen in such a way that the 
30 coding strand is readable and a sense-RNA is formed- The 

cleavage sites BamHI/Xbal and Pstl/SphI originate from the 
polylinker of pUC 19. The cleavage sites BamHI/Xbal/ 
Sail/PstI originate from the polylinker of BIN 19. The two 
EcoRI cleavage sites located on the fragment B are 
35 internal cleavage sites of the fragment. 
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Fragment c (192 bp) contains the polyadenylation sxgnal of 
the gene 3 of the T-DNA of the Ti-plasmid pTiACHS (Gielen 
et al EMBO J. 3, 835,846), nucleotides 11749-11939, which 
are isolated as PvulI-HindHI fragment from the plasmxd 
PAGV 40 (Herrera-Estrella et al (1983) Nature 303, 209- 
213) and were then cloned onto the PvuII cleavage site 
between the SphX-Hind-III cleavage site of the polylxnker 
of BIN 19, after addition of SphI linkers (see Fig D - 

The plasmid P 35s-BE was transferred into potatoes with the 
help of the agrobacterial system. After this whole plants 
were regenerated. Protein extracts isolated from tubers of 
these plants were tested for the existence of the 
branching enzyme using the western blot analysis. Further, 
tubers of these plants were tested for the content of 
amylose and amylopectin. 

^ ^L, ftf ^ r ,.-«„ B^aatjzBE and introduction 
~* <-h~ Blasaid fcbfi gSBfflBS g£ potato. , 

in a similar manner to that described in Example 1, the 
plasmid P 35s-anti-BE was prepared, but the orientation of 
the designated cDNA of the branching enzyme was inverted 
relative to the 35 S promoter. The plasmid p35s-anti-BE 
has a size of 13.6 kb and comprises the three fragments A, 
B and C which were cloned in. the cleavage sites of the 
polylinker of BIN19. 

Fragment A (529 bp) contains the 35s promoter of the 
cauliflower mosaic virus (CaMV) . The fragment contains the 
nucleotides 6909 to 7437 of the CaMV (Franck et al. Cell 
21 285-294) , and was isolated as EcoRI-KpnI-fragment from 
the plasmid pDHSl (Pietrzak et al Nucleic Acids Research 
14 5857-5868) and cloned between the EcoRI-KpnI-cleavage 
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site of the polylinker of the plasmid BIN 19. 

Fragment B contains the 2909 bp cDNA fragment cBE which 
codes for the branching enzyme. It was cut from the 
Hindlll-Smal-fragment of the vector pUC 19 and cloned in 
the smal-position of the polylinker BIN 19 after filling 
in of the Hindlll-position with DNA polymerase. The 
orientation was chosen in such a way that the non-coding 
strand is readable and an anti-sense-RNA is formed. The 
cleavage sites SphI, PstI and Xbal, BamHI, Smal originate 
from the polylinker pUC 19. The cutting positions 
BamHI/Xbal/Sall/PstI originate from the polylinker of BIN 
19. The two EcoRI cleavage sides contained on the fragment 
B are internal cleavage sides of this fragment. 

Fragment C (192 bp) contains the polyadenylation signal of 
gene 3 of the T-DNA of the Tl-plasmid pTiACH5 (Gielen et 
al EMBO J 3, 835-846), nucleotides 11749-11939, which were 
isolated as pvuII-Hindlll-fragment from the plasmid pAGV 
40 (Herrera-Estrella et al (1983), and which were cloned 
between the Sphl-Hindlll-cleavage position of the 
polylinker of BIN 19 after addition of Sph-I-linkers to 
the Pvu-II-cleavage position (see Fig 2) . 

25 The plasmid p35s-anti-BE was transferred into potatoes 
using the agrobacterial system. After this whole plants 
were regenerated. 
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Protein extracts, which had been isolated from tubers of 
these plants, were tested for the existence of the 
branching enzyme using the western blot analysis. Tubers 
of these plants were also tested for the content of 
amy lose and amylopectin. 



35 



WO 92/14827 



PCT/EP92/00302 



18 



10 



IS 



Byam ple 3 

E ggagafeje a S£ Elasaid n3-W and 1 nt r oduct.j op of the 
Bla g ffi j^ <~»-» o3ant genome of the potato. , 

in a similar manner to that described in Example 1, the 
plasmid P33-BE was prepared, but replacing the 35s 
promoter with the promoter of the class I patatin-gene B33 
(Rocha-Sosa et al HBO J 8 23-29). The plasmid P 33-Be has 
a size of 14.6 kb and consists of the three fragments A, B 
and C that were cloned into the cleavage position of the 
polylinker of BIN 19. 

Fragment A contains the Dral-Dral-fragment (position -1512 
to position +14) of tbe promoter region of the patatxn- 
gene B33, (Rocba-Sosa et al EMBO J 8. 23-29) , which was 
first of all cloned into the Sacl-position of the 
polylinker of pUC 18. For this the overhanging 3'- end of 
the sac-l-cleavage site had been rendered blunt by T4-DNA 
polymerase. After this the EcoRI-BamHI-f ragment was 
inserted between the EcoRI-BamHI-position of the 
polylinker of BIN 19. 

Fragment B contains the 2909 bp cDNA fragment cBE which 
codes for the branching enzyme. It was cut out as Hindlll- 
smal-fragment from the vector pUC 19 and was cloned into 
the smal-position of the polylinker of BIN 19 after the 
Hindlll-position was filled in with DNA polymerase. For 
this the orientation of the cDNA was chosen in such a way 
that the coding strand was readable and a sense-RNA was 
formed. The cleavage sites BamHI/Xbal and Pstl/SphI 
originate from the polylinker of pUC 19. The cutting 
positions BamHI/Xbal/Sall/PstI originate from the 
polylinker of BIN 19. The two EcoRI-cleavage sites 
contained on the fragment B are internal cleavage sites of 
35 this fragment. 
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Fragment C (192 bp) contains the polyadenylation signal of 
gene 3 of the T-DNA of the Ti-plasmid PtiACH5 (Gielen et 
al EMBO J 3, 835-846, Nucleotide 11749-11939), which was 
isolated as Pvu-II-Hindlll-fragment from the plasmid pAGV 
5 40 (Herrera-Estrella et al (1983) Nature 303, 209-213) and 
which was cloned between the sphl-Hindlll-cleavage site of 
the polylinker of BIN 19 after addition of SphT-linkers to 
the PvuII-cleavage site. 

10 The plasmid p33-BE was transferred into Acrrpbacterium 
t-^Pfaciens and used for the transformation of potato 
plants. 

Bafi ampls. 4 

15 pr oration nf tha t > i««mid P 33-anti-BE and introduction of 
plasmid info -bhe p lant genome of potato. 

In a similar manner to that described in Example 2, 
plasmid p33-anti-BE was prepared but replacing the 
20 35S-promoter with the promoter of the class I patatin-gene 
B33 (Rocha-Sosa et a 1 EMBO J 8, 23-29). The plasmid 
p33-anti-Be has a size of 14.6 kb and consists of three 
fragments A, B and C which were cloned into the cleavage 
sites of the polylinker of BIN 19. 



25 



30 



Fragment A contains the Dral-Dral -fragment (position -1512 
to position +14) of the promoter region of the patatin- 
gene B33 (Rocha-Sosa et al EMBO J 8, 23-29) which was 
firstly cloned into the Sacl-position of the polylinker of 
puc 18. The overhanging 3 '-ends of the Sacl-cleavage site 
were rendered blunt by T4-DNA polymerase. After this the 
fragment was inserted as EcoRI-BamHI-fragment between the 
EcoRI-BamHI-position of the polylinker of BIN 19. 



35 Fragment B contains the 2909 bp cDNA fragment cBE which 
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codes for the branching enzyme. It was cut out as Hindlll- 
Smal-fragment from the vector pUC 18 and after filling in 
the Hindlll-position with the DNA polymerase, it was 
cloned into the smal-position of the polylinker of BIN 19. 
5 For this the orientation of the cDNA was chosen in such a 
manner that the non-coding strand was readable and anti- 
sense-RNA could be formed. The cutting positions SphI, 
PstI and Xbal f BamHI, Smal originate from the polylinker 
of pUC 19. The cutting positions BamHI/ Xbal/Sall/PstI 
10 originate from the polylinker of BIN 19. The two EcoRI 
cleavage sites which are located on the fragment B are 
internal cleavage sites of the fragment. 

Fragment C (192 bp) contains the polyadenylation signal of 
15 the gene 3 of the T— DNA of the Ti-plasmid pTiACHS (Gielen 
et al EMBO J 3, 835-846), Nucleotides 11749-11939), which 
had been isolated as PvuII-Hindlll-f ragment from the 
plasmid pAGV 40 (Herrera-Estrella et al (1983) , Nature 
303, 209-213) and which was cloned between the Sphl- 
20 Hindlll-cleavage site of the polylinker of BIN 19 after 
addition of sphl-linkers to the Pvull cleavage sites. 

The plasmid p33-anti-BE was introduced in Aqrobacterium 
j, ume facien S and was used for the transformation of potato 
25 plants. 

The nucleotides 166-2909 of the 2909 bp cDNA sequence 
described in Example l, that codes for the branching 

30 enzyme in the Hindll-cleavage site of the cloning vector 
pUC 19 were inserted into the corresponding cleavage sites 
of the polylinker of the cloning vector pUC 18. This makes 
possible a fusion of the N-end of the a-peptide of the 
B-galactosidase located on the vector with a part of the 

35 branching enzyme. The functionality of the resulting 
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fusion protein was tested in a mutant of Escherichia coli 
(KV 832) which is deficient in the branching enzyme (Kiel 
et al Gene 78, 9 - 17). Cells transformed with this 
construction were plated out on YT-agar plates containing 
5 0.5% glucose. The resulting colonies were stained with 

Lugolscher solution. The transformed plant cells showed a 
yellow-red colour in contrast to the blue coloured 
un-transf ormed plant cells which indicates the branching 
activity of the fusion protein (Kiel et al Gene 23., 9-17). 
10 An over-production of this protein in Escherichia coli 
enables the use as technical enzyme. 
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claims 

1. A plasmid that contains a DNA sequence that contains 
information that causes changes in the carbohydrate 
concentration and the carbohydrate composition in 
regenerated plants, after insertion into the plant 



2. 



genome. 

A plasmid according to Claim 1 characterised in that 
the DNA sequence is the coding sequence of a 
10 branching enzyme. 

3. a plasmid according to Claim 2 characterised in that 
the branching enzyme is an enzyme having the 
following sequence: 

10 20 30 « 50 60 

6 GATATTT CTT CC ACCCCAAAAT CAAG AG TTAGA A A AG AT6 A AAG 



15 



1 
61 
121 
181 
2*1 T6 



TCA66A6C6GTCTT6I 

6ATGAAGCACAGTTCA6CTATTTCCGCTGTTTTGACCGATGACAATTCGACAATGGCACC 
CCTAGAGGAAGATGTCAACACTGAAAATATTGGCCTCCTAAATTTGGA7CCAACTT7GGA 
ACCTTATCTAGATCACTTCAGACACAGAATGAAGAGATATGTGGATCAGAAAATGCTCAT 
AAAAATATGAGGGACCCCTTGAGGAATTTGCTCAAGGTTATTTAAAATTTGGATTCAA 
30 1 CAGGGAAGATG6TTGCATA6TCTATCGTGAATGGGCTCCTGCTGCTCAGGAAGCAGAAGT 
! T.TTGGCGATTTCAATGGTAG6AACG6TTCTAACCACAT6ATGGAGAAGGACCAGTTTGG 

SO CCCACCACCTTCAGAAAG6TACCACTTCAAATACCCTCGCCCTCCCAAACCCCGAGCCCC 
AC6AATCTAC6AA6CACAT6TC66CAT6AGCA6CTCT6AGCCACGT6TAAATTCGTATCG 
TSAG^TTGCAGATGATGTTTTACCTCGSATTAAGGCAAATAACTATAATACTGTCCAGTT 

7 6AT66CCATAAT6GAACATf CTTACTATGGATCATTTGGATATCATGTTACAAACTTTTT 

UGCTTGGGTTTACAGGTTCTGGTGGATGTAGTTCACAGTCATGCAAGCAATAAtGTCAC 
T6ATGGCCTCAAT66CTTTGATATTGGCCAAG6TTCTCAAGAATCCTACTTtCAT6CTGG 
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1081 
1H1 
1201 
1261 
1321 



TCTTC6TTTCCTTCTTTCCAACTT6AS6T6ST6SCTA6AA6A6TATAACTTTSAC66XTT 

jC5^TTTGA766AA7AACTTC7AT6CTGTA7GT7CA7 CATS€AATCAATAT66SATTTAC 
A66AAACTATAATSASTATTTCASC6A66CTACASAT6TTSAT6CT6T66TCTATTTAAT 
6TT66CCAATAATCTSATTCACAA6ATTTTCCCA6AC6CAACT6TTATT6CC6AA6AT6T 

1321 TTC766TATSCCG6GCCTTA6CC6SCCT6TTTCTGAGS6AGGAATT6GTTTT6ATTACCG 

81 CCT66CAATG6CAATCCCA6ATAA6TG6ATAGATTATTTAAA6AATAAGAATGATSAA6A 

U«, TT6GTCCAT6AA6GAA6TAACATCGA6TTT6ACAAATAG6A6ATATACA6AGAA6T6TAT 

501 AGCATAT6C6GAGAGCCAT6ATCA6TCTATT6TCGGT6ACAAGACCATT6CATTTCTCCT 

tie! a"gaacaaagagatgtattctggcatgtcttgcttgaca 6 atgcttctcctgttgttga 

,62, T6CA6GAATT6C6CTTGACAAGATGATCCATTTTTTTCACAAT6GCCTTG66A6GAGA6S 

,681 GGTACCTCAATTTCATG6GTAAC6A6TTT6GCCATCCT6A6TGGATT6ACTTCCCTAGTG 

m , A6GGCAATAATT6GAGTTAT6ACAAAT6TAGACGCCAGTG6AACCTCGCAGATAGCGAAC 

,301 ACTT6A6ATACAA6TTTAT6AAT6CATTT6ATA6A6CTATGAATTC6CTC6ATGAAAAGT 

,861 TCTCATTCCTC6CATCAG6AAAACAGATA6TAAGCASCAT66ATGATGATAATAAGGTTG 

,921 TT6TGTTT6AAC6T66TGACCTGGTATTTGTAT7CAACTTCCACCCAAATAACACATACG 

,98, AAG66TATAAAGTT6GAT6T6ACTT6CCAGGGAA6TACA6A6TT6CACTGGACAGTGAT6 

20 *1 CTTGG6AATTTG6TGGCCATGGAA6A6CTGGTCATGATGTTGACCATTTCACATCACCAG 

2,01 AA66AATACCTG6A6TTCCAGAAACAAATTTCAATGGTC6TCCAAATTCCTTCAAA6T6C 

2,61 T6TCTCCTGCGC6AACATGTGT6GCTTATTACAGA6TTGAT6AAC6CAT6TCATAAACTG 

222, AAGATTACCA6ACAGACATTT6TA6TGA6CTACTACCAACAGCCAATATCGAGGAAAGTG 

2281 AC6AGAAACTTAAAGA7TCATCATCTACAAATAT CAGTACAT CATCTACAAAAAATGCTT 

23*1 ATTACAGAGTT6ATGAACGCAT6TCA6AA6CT6AA6ATTACCAGACAGACATTTGTAGT6 

2*0, AGCTACTACTACCAACA6CCAATATC6AGGAGAGTGAC6AGAAACTTGATGAT7CATTAT 

2*6, CTACAAATATCAGTAACATT66TCA6ACT6TT6TAGTTTCTGTT6A66A6A6A6ACAA66 

252, AACTTAAAGATTCACCATCTGTAAGCATCATTA6TGATGCTGTTCCAGCTGAAt666CTG 

2581 ATTCG6ATGCAAAC6TCTGGG6TGAGGACTAGTCA6ATGATTGATCGATCCTTCTACGTT 

26*, 6GTGATCTC66TCCGT6CATGAT6TCTTCA6G6T6GTAGCATT6ACTGATT6CATCATA6 

270, TTT7TTTTTTTTTTTTTAAGTATTTCCTCTA76CATATTATTAGCATCCAATAAATTTAC 

276, TG67TGTTGTACATAGAAAAA6T5CATTTGCATGTATGTGTTTCTCTGAAATT7TCCCCA 

282, 6T77T66TGCTTTGCCTTTGGAGCCAAGTC7CTATATGTAATAAGAAAACTAAGAACAA7 

2881 CACATATATAAAATGTTAGTAGATTACCA . 
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4. A plasmid according to any one of the preceding 
claims, characterised in that the carbohydrates are 
mono-, di-, oligo- or polysaccharides. 

5. A plasmid according to Claim 4 characterised in that 
the polysaccharide is starch. 

6. A plasmid according to claim 3 characterised in that 
the branching enzyme alters the amylose/amylopectin 
ratio of the starch in plant cells and in plants. 



7. A plasmid according to Claims 2 or 3 characterised in 
that the DNA sequence of the branching enzyme is 
fused to the regulatory sequences of other genes that 

15 ensures a transcription of the branching enzyme 

coding DNA sequence. 

8. A plasmid according to Claim 7 characterised in that 
the DNA sequence of the branching enzyme is fused in 

20 inverted direction to the regulatory sequence of 

other genes thereby the 3 '-end of the coding sequence 
is fused to the 3«-end of the promoter and the 5»-end 
of the coding sequence is fused to the 5«-end of the 
termination signal that gives an anti-sense RNA in 

25 the plant produced by the branching enzyme. 

9. A plasmid according to Claims 7 or 8 characterised in 
that the regulatory sequences are promoters and 
termination signals of plant or viral genes. 

30 

10. A plasmid according to Claim 9 characterised in that 
the promoter is a promoter of the 35s RNA of the 
cauliflower mosaic virus and the termination signal 
is the 3 '-end of the octopine-synthase-gene of the 

35 T— DNA of the Ti-plasmid pTiACHS. 



1 
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11. A plasmid according to Claim 9 characterised in that 
the promoter is a promoter of the class I patatin- 
gene B33. 

5 12. Plasmid P35 S~BE (DMS 6143) 

13. Plasmid P35 S-anti-BE (DSM 6144) 

14. Plasmid P33-Be (DSM 6145) 

10 

15. Plasmid P33-anti-Be (DSM 6146) 

16. A plant that contains a sequence of at least one 
plasmid according to any one of Claims 1 to 15. 

15 

17. A plant according to Claim 16 characterised in that 
the plants are commercially used plants such as 
maize, barley, wheat, rice, pea, soya beam, sugar 
cane, sugar beet, tomato, potato or tobacco. 

20 

18. Use of the plasmids claimed in any one of claims 12 
to 15 , for the production of transgenic plants in 
which the amylose/amylopectin ratio of the starch is 
modified. 

25 

19. Use of the plasmids according to Claim 18 
characterised in that the plants are commercially 
used plants. 

30 20. Use of the plasmids according to Claim 19 

characterised in that the plants are maize, barley, 
wheat, rice, pea, soya bean, sugar cane, sugar beet, 
tomato, potato and tobacco. 
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